Cleome spinosa Jacq. (Cleomaceae) is a tough-stemmed annual herb, native to South America and is widely distributed within the West Indies [1] . According to Mabberly and Willis, it is one of the 150 Cleome species confined to tropical countries in both the Old and New Worlds [2, 3] . In traditional medicine, Cleome species are reported to be used for stomachics, rubefacients, rheumatic fever and diabetes [4] . A recent study revealed that an alcoholic extract of C. spinosa can be used as an active ingredient in a pharmaceutical or cosmetic composition for extending the growth of hair follicles [5] . An earlier study on the petroleum and acetone extracts of the plant reported that they exhibited anti-HIV activities, as well as cytotoxicity against numerous human cancer cell lines, inclusive of leukemia, breast and colon carcinomas [6] . C. spinosa is one of the Cleome species found in Jamaica.
In Jamaica, there are no reports of C. spinosa having been used in folklore medicine. However, elsewhere it serves as an important medicinal plant. For example, in French Guiana's traditional system of medicine, the juice of the leaves, being a vesicant, is used as a substitute for cantharidin (Spanish fly) without having an unpleasant effect on the urinary tract [7] .
Although several species of Cleome have been noted for their uses in folk medicine, only few chemical studies of their essential oils have been published [8, [9] [10] [11] [12] . A literature survey revealed that the essential oils of C. spinosa have not been the subject of previous study. As part of our ongoing research on the aromatic and potentially medicinal flora of Jamaica, we now report, for the first time, information on the chemical composition of the hydrodistilled essential oils from the whole aerial parts, aerial parts without flowers (fruit, leaves and stem), flowers, fruits and leaves of C. spinosa grown in Jamaica. In addition, the in vitro antioxidant, insecticidal and antimicrobial activities of the volatile oil extracted from C. spinosa aerial parts were evaluated.
Hydrodistillation of the fresh, entire aerial parts (FGLS), aerial parts without flowers (GLS), flowers (F), fruits (G), and leaves (L) of C. spinosa gave strongly odorous yellow oils in yields of 0.02%, 0.01%, 0.01%, 0.03% and 0.04% (w/w), respectively. These low values corroborated values obtained for oils from other Cleome species [11, [12] [13] [14] [15] . Analysis of the oils by capillary GC-FID and GC-MS revealed that they are complex mixtures (Table 1) .
Nineteen, thirty-two and twenty-six constituents were identified representing 84.0%, 80.8% and 64.0% of the total essential oils from F, FGLS and L, respectively. Oxygenated diterpenes (53.3%, 41.5% and 31.9%) represented the main class of compounds present in the three volatile oils, followed by aliphatic hydrocarbons (14.0%, 13.8% and 4.4%). The oxygen-containing diterpene, (Z)-phytol constituted the highest percentage and was the single most abundant constituent of FGLS (31.3%) and L (19.5%) oils, whereas 7-α-hydroxy manool was the chief oxygenated diterpene identified in the F oil.
The essential oil extracted from the fruits (G) revealed the presence of eighteen components representing 73.0% of the total oil. Fatty acids (41.8%) were the most abundant class of compounds identified, with tetradecanoic acid, accumulating to 40.6%, being the single most abundant constituent. (Z)-phytol constituted (6.6%) of the oil, the second most abundant component.
Examination of the essential oil from the aerial parts without flowers (GLS) indicated the presence of thirtytwo components representing 85.5% of the total oil. The oil was mainly dominated by oxygenated sesquiterpenes (28.2%), with caryophyllene oxide (10.5%) being the main constituent. Oxygenated diterpenes (21.2%) also occurred in high concentrations, with (Z)-phytol (6.9%) being the highest contributing constituent.
Altogether, 57 components were identified from the various parts of C. spinosa accounting for 64.4-85.5% of the total essential oils. These components were predominantly oxygenated sesquiterpenes (up to 28.2%) and oxygenated diterpenes (up to 41.5%), except for the fruit oil, which had a high percentage of fatty acids (41.8%). Additionally, significant qualitative and quantitative differences were observed between the volatile oils. The FGLS and F oils accumulated relatively high concentrations of (Z)-phytol (31.3% versus 19.5%). Incensole, another major component, was present in the FGLS, GLS, F and G oils, but not detected in the L oil. Notably, (Z)-phytol (2.2-31.3%), caryophyllene oxide (0.7-10.5%), cubitene (0.3-3.8%), 3E-cembrene A (1.2-4.7%), and (E)-11-tetradecnyl acetate (1.0-2.3%) were observed in all analyzed oils of C. spinosa. It is also worthy to note that monoterpene hydrocarbons were not detected in any of the oils studied.
A comparative study of the main components of the essential oils (Table 1 ) with other Cleome species showed close similarities. The oil from the aerial parts of C. hirta [9] originating from Kenya was reported to contain phytol (8.9%) as the main constituent, compared with the 2.2-31.3% in the present study. In addition, the high sesquiterpene concentration identified in the GLS oil sample was akin to the Egyptian C. chrysantha seed and herb oil samples [10] . Importantly, α-copaene was also one of the few constituents previously identified in other Cleome species [8, 10] . Most of the other components from C. spinosa essential oils are being reported for the first time for the genus.
In vitro antioxidant activity studies were carried out on the essential oil from the entire aerial portions of C. spinosa oil using 2,2-diphenyl-1-picrylhydrazyl (DPPH) radical-capacity [23] . The oil exhibited no antioxidant activity. The oil was also tested against two-week old adult Cylas formicarius elegantalus (sweet potato weevle), according to the method of Facey et al. [24] The oil indicated moderate levels of insecticidal properties with a 72 h LD 50 value of 60 µg/insect. The antimicrobial activity of the oil from the aerial parts of C. spinosa was evaluated in vitro against various pathogenic strains of Gram-positive and Gram-negative bacteria and a pathogenic fungus by a filter paper discdiffusion method. The results are presented in Table 2 . The oil exhibited moderate activity against all the bacterial strains. This result is consistent with the findings from the antimicrobial evaluation of C. iberica [25] . Streptococcus pyogenes group A showed the most significant inhibitory activity reflected by the maximum zone of inhibition (30/27 mm) when compared with the reference antibiotics, ampicilin/gentamicin (15/16 mm). The oil also showed excellent inhibitory effects against the Gram-negative bacteria, P. aeruginosa and Shigella species. Notably, the extract was not very active against the fungus, C. albicans. Several studies conducted in different parts of the world have shown that Cleome species, such as C. drosiflolia [4] , C. hirta [9] , C. chrysantha [10] C. viscosa [26] and C. gynandra [27] exhibited antibacterial effects and that the native people utilize some of these species as traditional drugs to treat various ailments. It is conceivable that the antimicrobial Essential oil of Cleome spinosa Natural Product Communications Vol. 5 (8) 2010 1303 property of the aerial oil might be ascribed to the high content of sesqui-and diterpenes; these compounds have been previously shown to possess antimicrobial activities [28] . It is crucial to emphasize that synergistic action between different compounds could be an important contributor to the essential oil activity.
Experimental
Plant material: C. spinosa was collected during the flowering stage along the banks of the Hope River in August Town, Jamaica. A voucher specimen was deposited in the Herbarium, Department of Life Sciences, University of the West Indies, Mona (Accession # 35,299).
Essential oil isolation:
The fresh plant was separated into 5 parts: whole aerial (398 g), aerial without flowers (340 g), flowers (465 g), fruits (350 g), and leaves (521 g). Each portion was milled, weighed and separately subjected to steam distillation for 4 h using a Clevenger-type apparatus. The resulting distillates were dried over anhydrous sodium sulfate to yield strong odorous clear yellow oils. All extractions were conducted in duplicate. The oils were then stored below 5ºC until analysis.
GC-FID analysis:
GC analyses were performed using a Varian CP-3800 gas chromatograph equipped with a CP-wax 52CB Chromopack capillary column (60 m × 0.25 mm; 0.25 μm film thickness). Helium was used as the carrier gas with a flow rate of 1 mL/min. The temperature program employed was from 60 o C (1 min.) to 180 o C (3 min.) at a rate of 9ºC /min, then to 250ºC at 8ºC/min, ending with 10 min. at 250 o C. Injector and detector temperatures were maintained at 250ºC and 300 o C respectively. Injection volume for all samples was 1 μL. Quantitative data were obtained by electronic integration of FID area counts without the use of correction factors.
GC-MS analysis:
The volatiles were analyzed by GC-MS using a Hewlett-Packard 6890 gas chromatograph equipped with a SLB-5ms fused silica capillary column (30 m × 0.25 mm; 0.25 μm film thickness) and a HP-5973 mass-selective detector. Injector and detector temperatures were 250 o C and 300 o C, respectively. The temperature program employed was from 120 o C (1 min.) to 280 o C (5 min.) at a rate of 5 o C/min. Helium was employed as the carrier gas with a flow rate of 1 mL/min. Injection volume for all samples was 1 μL.
The MS data were obtained with an ionization energy of 70 eV and a scan mass range of 30-450 amu.
Oil components identification:
The oils were spiked with a standard mixture of homologous n-alkane series (C 7-C 30 ) and analyzed by GC under the above mentioned conditions. Retention indices were directly obtained by the application of Kovats' procedure, as described by Sun et al. [29] . The components of the essential oil were identified by comparison of MS data with those of NIST 98 and Wiley libraries or with authentic compounds when thought necessary and were confirmed by comparison of their Kovàts retention indices with published data [30] [31] [32] [33] [34] .
Antioxidant activity study:
The scavenging effect on DPPH radical was determined by modifying the assay previously described by Williams et al. [23] . The aerial essential oil of C. spinosa was mixed with acetone to prepare a stock solution of 5.0 mg/mL. A 20 µL aliquot from the stock solution was added to 2.0 mL of acetone to produce a final testing concentration of 50 mg/mL. To the above solution 400 µL of 0.02% (w/v), stock solution of 2,2-diphenyl-1-picrylhydrazyl (DPPH) in acetone was added and the mixture incubated for 20 mins. The amount of DPPH was then measured spectrophometrically at 517 nm using Spectronic Genesy Spectrophotometer. The measurements were carried out in duplicates. The radical scavenging capacity as reflected by the decrease in aborbance at 517 nm was determined using the following equation: Rosemary (Rosmarinus officinalis) obtained from Sigma Aldrich, Steinheim, Germany was used as the positive standard.
Insecticidal assay:
The contact insecticidal evaluation of the essential oil from C. spinosa aerial parts was performed according to Facey et al. [24] , with Essential oil of Cleome spinosa Natural Product Communications Vol. 5 (8) 2010 1305 modification using two week old Cylas formicarius elegantus. The insects were cultured on sweet potato tubers in glass aquaria under laboratory conditions (27-30ºC and 55 -65% relative humidity). Weights ranging from 4 to 6 mg of essential oil were dissolved in 50 µL of acetone in order to establish a LD 50 value. From a mixture of acetone-water (8:2; v/v), the appropriate volume was added to prepare a 1.0% (w/v) stock solution. Twenty insects were topically treated on their abdomen using a Hamilton mirco-applicator in two replicates of 10 insects each, with precisely 20 µL, 40 µL and 60 µL of the stock solution. All treatment was done in 2 μL aliquot in order to prevent death from spiracular blockage. The number of dead insects was determined at 24, 48 and 72 hours for all doses. The control used was 6 µL (acetone: water; 8:2; v/v).
Antimicrobial screening:
In vitro antimicrobial susceptibility of C. spinosa aerial essential oil was evaluated using the filter paper disc diffusion method, with modifications described by Rondón et al. [35] . The bacterial and fungal cultures assessed were maintained on Tryptose and Sabouraud's Dextrose agars, respectively. A suspension of the test bacterium was prepared in 3 mL peptone water and incubated at 37ºC for 30 mins. The suspension was then further diluted to turbidity comparable to 0.5 McFarland standard. Suspension of yeast comparable to 0.5 McFarland standard was prepared. Suspensions were uniformly inoculated unto Mueller Hinton and Sabouraud's Dextrose agar plates, respectively using sterile cotton swabs. Impregnated discs were aseptically placed on the seeded agar plates. These were allowed to stand at RT for 30 mins. and then incubated at 37ºC for 18-24 hrs. Sterile filter paper discs (Whatman No. 1; Ø = 6 mm) were then impregnated with the extracts previously diluted 1/10 (v/v) in DSMO to obtain final concentrations ranging from 0.25 to 1.00 mg. Discs impregnated with Gentamicin (10 ug/mL), Ampicillin (10 ug/mL) and DMSO were used as controls. The diameter of the clear zones of inhibition was then accurately measured using a ruler and the antimicrobial activity expressed in mm. The experiment was repeated twice to ensure reliability. All microorganism species were obtained from the Department of Microbiology, University of the West Indies, Jamaica, and were previously isolated from hospitalized patients at the University Hospital of the West Indies with intestinal, blood and skin infections.
